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K time & maximum amplitude of thromboelastogram predict 
post-central venous cannulation bleeding in patients with cirrhosis: 
A pilot study
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Background & objectives: Coagulation and haemostasis are dynamic processes. The haemostatic 
changes in liver disease affect all aspects of coagulation. The prothrombin time (PT)/ international 
normalized ratio (INR) was developed to monitor oral anticoagulant therapy and the activated 
partial thromboplastin time to investigate inheritable single factor deficiencies. Viscoelastic tests 
such as thromboelastogram (TEG) give information about dynamics of clot formation (coagulation 
factor and anticoagulant activity), clot strength (platelets and fibrinogen) and clot stability 
(finbrinolysis and factor XIII). Administration of blood products before invasive procedures is still 
guided by INR and platelet count in patients of liver disease. This study was aimed to evaluate the 
validity of TEG to predict post-procedural bleed after central venous cannulation in patients with 
cirrhosis.
Methods: Ninety patients aged 20-70 yr diagnosed with liver cirrhosis requiring elective central 
venous catheter (CVC) insertion were studied. Platelet count, INR, serum creatinine, TEG and Child-
Turcotte-Pugh (CTP) score were recorded before the procedure. Right-sided internal jugular vein 
was cannulated. On the basis of presence or absence of post-procedural bleed, patients were divided 
into bleeding and non-bleeding groups. The CTP score, component of TEG (R - reaction time, K - 
coagulation time, MA - maximum amplitude and α - angle) and laboratory parameters of both the 
groups were compared.
Results: Bleeding was seen more when CTP scores were ≥10 (P=0.05). The K time of 3.05 min or more on 
thromboelastograph was a significant predictor of bleeding [area under the curve (AUC) 0.694, P=0.047]. 
MA of 48.8 mm or more was a significant predictor of non-bleeding. INR ≥2.6 was a significant predictor 
of bleeding (AUC 0.765, P=0.005). K time had a low-positive predictive value of 20 per cent and the 
positive and negative likelihood ratios of 1.87 and 0.48, respectively.
Interpretation & conclusions: Our results show that the cut-off value for INR ≥2.6 and K time ≥3.05 min 
predict bleeding and MA ≥48.8 mm predicts non-bleeding in patients with cirrhosis undergoing central 
venous pressure catheter cannulation.
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In patients with cirrhosis of liver, clinical and 
laboratory evidence indicates that the haemostatic 
system is in a ‘rebalanced’ state. Changes in the 
prohaemostatic pathways are balanced by changes in the 
antihaemostatic pathways1. This rebalanced state is far 
more precarious and potentially unstable as compared 
to the haemostatic balance in healthy individuals. 
It explains the potential of bleeding and thrombotic 
complications in these patients1. The usefulness of 
conventional tests in assessing the haemorrhagic risk 
and therapeutic strategies in patients with cirrhosis is 
debatable2,3. It is a common practice to prophylactically 
correct haemostatic abnormalities in patients with liver 
disease before invasive procedures by administration 
of blood products guided by the prothrombin time (PT) 
and the platelet count. Patients with liver disease have 
the greatest risk of transfusion-related lung injury as 
compared to other populations4. Major procedures 
such as liver transplant have been performed without 
administration of fresh frozen plasma despite the 
presence of an elevated international normalized ratio 
(INR)5. This is due to the fact that INR calculation 
does not take into account the concurrent reduction in 
anticoagulant levels in liver disease. Therefore, there is 
no consistent relationship between bleeding and mild 
to moderate increase in INR in chronic liver disease.

Thromboelastogram (TEG) monitors haemostasis 
as a dynamic process in the whole blood as compared 
to the isolated conventional coagulation screens6. It 
measures changes in clot tensile strength over time and 
gives information on the dynamics of clot formation 
(coagulation factor and anticoagulant activity), clot 
strength (platelets and fibrinogen) and clot stability 
(fibrinolysis and factor XIII). The plasma-based PT 
reflects the time lag for the initiation of polymerized 
fibrin gel formation after addition of tissue factor. In 
contrast, addition of platelets (whole blood) in the 
TEG affects the onset and rate of fibrin polymerization 
caused by platelet-mediated procoagulant reactions 
and platelet-fibrinogen interactions. It has been used 
to guide blood component therapy in different clinical 
situations including coagulopathic patients7. In this 
pilot study, the role of TEG was evaluated in predicting 
post-procedural bleed after central venous cannulation 
in patients with cirrhosis of liver.

Material & Methods

Ninety consecutive adult patients aged 20-70 yr, 
diagnosed with Child B and C cirrhosis requiring elective 
central venous catheter (CVC) insertion in critical 
care unit of Institute of Liver and Biliary Sciences, 

New Delhi, India, from April 2013 to December 
2013, who consented to participate in this prospective 
observational study were included in the study. Patients 
with active bleeding, known local vascular abnormality 
or skeletal deformity or history of prior central vein 
cannulation and patients who did not consent to the 
procedure were excluded from the study.

The study protocol was approved by the 
Institutional Review Board Committee and written 
informed consent was obtained from all individuals 
participated in the study. The diagnosis of liver 
cirrhosis was based on available history, serologic 
testing, radiologic imaging and liver histology. The 
Child-Turcotte-Pugh (CTP) score of all patients was 
recorded.

Study parameters: Baseline laboratory investigations 
including platelet count, INR, serum creatinine and 
TEG were recorded within six hours before the 
procedure. TEG® was performed using kaolin as 
the activator. Measurement of TEG consisted of the 
following four variables: (i) Reaction time (R): Time 
from the start of the recording until the amplitude 
reaches 2 mm; (ii) Coagulation time (K): Time from 
the end of the reaction time until the amplitude reaches 
20 mm; (iii) Maximum amplitude (MA): Maximum 
width of the TEG trace represents the absolute strength 
of the clot; and (iv) Angle (α): Formed by the slope 
from the R value to the K value. 

Cannulation technique: Right-sided internal 
jugular vein (IJV) was cannulated using a landmark 
technique8. IJV was cannulated from the apex of the 
triangle between the sternal and clavicular heads of the 
sternocleidomastoid muscle under local anaesthesia. 
A 23-gauge finder needle was advanced through the 
skin at approximately 45° angle and in the direction of 
the right nipple. After aspiration of venous blood, the 
finder needle was used to guide the 18-gauge introducer 
needle. The CVC was inserted by the Seldinger 
technique9. Number of attempts taken to place CVC was 
also recorded. Electrocardiography, pulse oximetry and 
non-invasive blood pressure were monitored during 
the procedure. Post-procedure patients were nursed 
in head propped-up position and a chest X-ray was 
performed to rule out pneumothorax and haemothorax 
and to confirm the position of the catheter. Artery 
puncture was noted as forceful pulsatile expulsion of 
bright red blood from the needle. Pneumothorax was 
to be treated with tube thoracostomy if symptomatic or 
progressive or if more than 20 per cent of the interface 
between the lung and the chest wall was separated10. 
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Arterial puncture, pneumothorax, haemothoarax and 
bleeding at the site of catheter insertion were recorded. 
The assessor was blinded to the study. Patients were 
observed for bleeding for six hours after insertion of the 
CVC. Bleeding complication was defined as bleeding 
requiring additional and non-expected haemostatic 
measures such as compression bandage for more than 
15 min at catheter insertion site, blood transfusions 
and bleeding causing extension of hospital stay11. 
In the event of bleeding, the drop in haemoglobin 
concentration was monitored at every six hours inteval. 
INR >1.5 was considered abnormal7. The laboratory 
investigation results were defined as abnormal if 
those fell outside the established reference range of 
our hospital. Patients were defined as coagulopathic 
by laboratory parameters if platelet count <150,000 
(beyond the reference range) or INR >1.511 or both 
and coagulopathic by TEG if coagulation index was 
less than -3. On the basis of presence or absence of 
bleeding complication, patients were divided into two 
groups, bleeding group and non-bleeding group.

Statistical analysis: Statistical analysis was done using 
Statistical Package for Social Sciences (SPSS) for 
Windows, Version 20.0 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were calculated for all TEG 
variables (R, K, MA and α) and laboratory parameters 
(platelet count and INR). Proportions were used to 
describe discrete variables. Mean ± standard deviation 
was used for normally distributed continuous variables 

while median with interquartile range (IQR) for data if 
not normally distributed. The Chi-square (χ2) test was 
used to determine whether abnormal test results were 
associated with an increased risk of bleeding. The Chi-
square test was also used to determine whether renal 
dysfunction represented by creatinine and severity of 
liver disease represented by CTP scores were associated 
with an increased risk of bleeding. Unpaired t test was 
used for comparing parametric data between groups 
and Mann–Whitney rank sum test for non-parametric 
data. Chi-square analysis and Fisher’s exact test were 
applied as appropriate for comparing proportions 
between groups. Receiver operating characteristics 
(ROC) analysis was used for determining area under 
the curve (AUC) and cut-off values. Sensitivity, 
specificity, positive and negative predictive values of 
TEG and laboratory parameters were calculated. 

Results

Of the 90 patients, 11 were in bleeding group, while 
the remaining 79 were in non-bleeding group. Five of 
the 11 patients required blood product transfusion. 
None of the patients had prolonged hospital stay 
due to complications of central venous cannulation. 
The demographic characteristics of both groups are 
presented in Table I. In 82 patients (91%), cannulation 
was performed with a single attempt whereas the 
second attempt was required in eight patients. Arterial 
puncture, pneumothorax and haemothorax were not 
observed in any of the patients.

In 50 of the 90 patients, coagulation index on TEG 
was suggestive of coagulopathy. Of these 50 patients 
with abnormal TEG, 10 had bleeding (20%) (Table II), 
whereas among the remaining 40 patients with normal 
coagulation index on TEG, one patient developed 
bleeding. Eighty six of the 90 patients had evidence of 
coagulopathy according to the laboratory parameters 
(platelet count, INR), but only 11 of these 86 patients 
(12%) had bleeding. Bleeding was seen more when 
CTP scores were ≥10 (P=0.05).

The K time on TEG was a significant predictor 
of bleeding with AUC of 0.694 (Fig. 1) and (P<0.05) 

Table I. Comparative demographic variables and 
Child‑Turcotte‑Pugh  (CTP) scores between bleeding and 
non‑bleeding groups
Variable Bleeding 

group (n=11)
Non‑bleeding 
group (n=79)

Age (yr) mean±SD 53±9 50±12
Gender, n (%)
Male (n=74) 9/74 (12.2) 65/74 (87.8)
Female (n=16) 2/16 (12.5) 14/16 (87.5)
CTP score 12±1.3 10±2*

*P<0.05 compared to bleeding group

Table II. Cases of bleeding among patients with normal and abnormal laboratory results
Test Bleeding with normal test, number of cases (%) Bleeding with abnormal test result, number of cases (%)
TEG 1/40 (2.5) 10/50 (20)*

Laboratory parameters 0/4 (0) 11/86 (12)
Renal dysfunction 2/34 (5.9) 9/56 (16.1)
TEG, thromboelastogram. *P<0.05 compared to bleeding with normal test
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(Table III). K time value of 3.05 min or more was found 
to have sensitivity and specificity of 70 and 62.5 per 
cent, respectively, for prediction of bleeding (Table IV). 
K time had a low positive predictive value of 20 per cent 
and the positive and negative likelihood ratios (LRs) of 
1.87 and 0.48, respectively (Table IV). MA (in mm) 
was a significant (P<0.05) predictor of non-bleeding 
(Table III). The AUC for predicting non-bleeding was 
0.719 (Fig. 2), with P=0.029. MA value of 48.85 mm 
or more was found to have a sensitivity and specificity 
of 68 and 64 per cent, respectively, for predicting non-
bleeding (Table V). The positive and negative LRs 
for MA were 1.87 and 0.50, respectively (Table IV). 
Among the laboratory parameters, only INR was a 
significant predictor of bleeding with AUC of 0.765 
(Fig. 3). INR value of 2.6 or more had a sensitivity and 
specificity of 72 and 74 per cent, respectively (Table 
V). Non-parametric Spearman’s correlation of INR 

with R time showed a correlation coefficient of 0.22 
(P=0.036). This showed a non-significant correlation 
between INR and R time. No significant association 
was seen between renal dysfunction and incidence of 
bleeding in the study patients.

Sensitivity and specificity of TEG parameters 
in detecting coagulopathy were 91 and 49 per cent, 
respectively. Positive and negative predictive values 
for TEG in detecting coagulopathy were 20 and 97.5 
per cent, respectively. Sensitivity and specificity of 
laboratory parameters (INR and platelet count) in 
detecting coagulopathy were 100 and 5 per cent, 
respectively. Positive and negative predictive values of 
laboratory parameters in detecting coagulopathy were 
12 and 100 per cent, respectively.

Discussion

Our study suggested that TEG was better at 
predicting bleeding after CVC insertion in patients with 
liver disease compared to laboratory parameters (platelet 
counts and INR). The K time of the TEG components 
was a significant indicator of bleeding while MA was a 
significant indicator of non-bleeding in our patients.

Thromboelastography has been used for blood 
replacement during liver transplant surgery and coronary 
artery bypass surgery12,13. Transfusion algorithms based 
on TEG have been developed and have shown to 
reduce transfusion requirements12. However, bleeding 
during surgery is a dynamic process with many surgical 
and non-surgical perioperative factors playing major 
contribution14. Apart from surgery, patients with liver 

Table III. Components of thromboelastograph, haemostatic 
test and bleeding
Test Bleeding 

group
Non‑bleeding 

group
K time (min), 
median (IQR)

3.2 (2.8‑5.1)* 2.5 (1.9‑4.1)

MA (mm), mean±SD 40±16* 51±16
INR, median (IQR) 3.2 (2.2‑4)** 2.2 (1.6‑2.8)
P*<0.05, **<0.01 compared to non‑bleeding group. MA, 
maximum amplitude; INR, international normalized ratio; 
IQR, interquartile range

Fig. 2. Receiver operating characteristic for Maximum amplitude.

Fig. 1. Receiver operating characteristic for K time. (AUC: area 
under curve).
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disease also undergo other invasive procedures such 
as CVC insertion, tracheostomy, liver biopsy, pleural 
or ascitic fluid tapping. Central venous cannulations 
particularly in patients with deranged coagulation 
profile should be done under ultrasound guidance so 
that the chances of arterial puncture can be avoided, but 
it is not widely available and needs technical skill.

TEG variables have been used to examine re-
bleeding in patients with oesophageal varices. 
Chau et al15 found that TEG variables R, K and 
α were associated with variceal re-bleed in 20 
cirrhotic patients. Of these, α angle was found to 
have significance. Routine coagulation tests (PT, 
platelet count, activated partial thromboplastin 
time, whole-blood clot lysis time) did not show a 
significant difference between the re-bleeding and 
non-re-bleeding groups15. In our study also, TEG 
was significantly better than conventional laboratory 
parameters at predicting bleeding with a specificity of 
49 per cent of TEG versus specificity of 5 per cent of 
conventional tests. There was no significant difference 
between the TEG and conventional tests with regard 
to the negative predictive value for bleeding (97.5 
vs. 100%). A low-positive predictive value of 20 per 
cent indicated low occurrence of coagulopathy in this 
population. LRs are independent of disease prevalence 
and refer to the likelihood of having disease. However, 
the positive LRs of 1.87 for K time and MA indicated 
that the likelihood of the patient having coagulopathy 
increased by approximately two times given the 
positive test result.

Davis and Chandler16 used TEG to predict bleeding 
after renal transplant biopsy in 120 patients. They found 
that K time and α angle were significantly associated 
with bleeding after renal transplant biopsy, and α angle 
was found to be the best indicator of bleeding. In our 
study, K time was a significant predictor of bleeding 
while MA was a significant predictor of non-bleeding 
in patients with cirrhosis. 

Platelet count and INR are the most commonly 
available and widely used tests for assessment of 
coagulopathy. However, these have not been found 
to be the predictors of bleeding in patients with liver 
disease17. Our study demonstrated that INR value of 2.6 
had a sensitivity and specificity of 72 and 74 per cent, 
respectively. Our results were in agreement with the 
study by Chau et al15 in which platelet count and INR 
were not found to be reliable predictors of bleeding in 
patients with liver disease.

Table IV. Predictive values and likelihood ratios of K time and maximum amplitude (MA)
Variable Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy LR

Positive Negative
K times (min) 70 62.5 20.6 93.8 0.634 1.87 0.48
MA (mm) 67.9 63.6 93 2.19 0.674 1.87 0.50
PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio 

Table V. Cut‑off values with sensitivity and specificity for 
variables
Variable Cut‑off Sensitivity (%) Specificity (%)
K time (min) 2.95 70 57

3.05 70 62
3.15 60 64

MA (mm) 48.40 68 55
48.85 68 64
49.15 66 64

INR 2.5 72 73
2.6 72 74
2.7 63 75

MA, maximum amplitude; INR, international normalized ratio

Fig. 3. Receiver operating characteristic for International normalized 
ratio (INR).
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We did not include patients with variceal bleed 
because these patients invariably received blood 
products for coagulopathy correction, which might 
confound the results of TEG. The presence of renal 
dysfunction is also known to increase the risk of 
bleeding18,19. We included serum creatinine as a marker 
for the renal dysfunction. However, since serum 
creatinine is not a good indicator of renal function in 
patients with liver disease20, we may have missed out a 
few cases of renal dysfunction in this study.

On the basis of findings of this pilot study, we 
suggest that cut-off value for INR of 2.6 or more and K 
time 3.05 min or more may be taken into consideration 
for predicting bleeding and MA 48.8 mm or more 
to predict non-bleeding in patients with cirrhosis 
undergoing CVC insertion.

Conflicts of Interest: None. 
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